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Abstract 
The rapid and inevitable growth of availability of travel information for travellers has increased expectations among policy 
makers about the benefits of travel information. It is increasingly expected that providing advanced travel information can trigger 
particular travel behaviors that would contribute to sustainable mobility. Currently, travel information is mostly descriptive and 
distributed to a group of travellers. This kind of information just provides information about different alternatives without 
emphasizing which alternative is better to choose. In addition, it ignores differences between individuals. However, to induce 
travellers to behave in particular ways it may be more effective to recommend one best alternative, which is in line with their 
preferences and habitual activity-travel pattern. In that sense, the increasing availability of smart phones allows one to issue 
context-sensitive, personal advice. As a result, dedicated personalized recommendations could be provided, considering personal 
preferences and optimal control strategies. Such new technology, however, requires advanced data collection and a new 
generation of models about traveller strategic responses. In that regard, stated adaptation experiments are a proper approach to 
collect data when the technology still is not available to use in practice. In this paper, we evaluate effects of personalized travel 
information on individuals’ activity-travel behavior. To identify those effects, we introduce an innovative stated adaptation 
approach to assess possible behavioral changes in the presence of advanced forms of travel information. In the proposed SA 
approach, first, a detailed profile of individuals’ activity-travel pattern for one day is collected. Second, different scenarios are 
given to subjects, who are asked how they would change their activity-travel pattern under information provision. The provided 
travel information to each individual is either descriptive or prescriptive. Four scenarios are assigned to each individual. Each 
scenario is based on attributes of four different. Results of data analysis provide insights into the differential effects of descriptive 
and prescriptive travel information on activity-travel patterns. In turn, any induced change will provide keys to the effectiveness 
of travel information for transport demand management. 
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1. Introduction 
Although interest in travel information has increased in the past decades, few studies have investigated the effect 
of different types of travel information, namely “Public” versus “Personal” and “Descriptive” versus “Prescriptive” 
on activity-travel patterns in contrast to each other. Most of the studies either discussed travel choices given static, 
public and descriptive information (e.g. Emmerink, et al. 1995; Yim and Khattak, 2002; Arentze and Timmermans, 
2004; Chen and Mahmassani, 2004; Chorus, 2007; Sun, 2009) or described the process of information acquisition 
(e.g., Polak and Jones, 1993; Polydoropoulou and Ben Akiva, 1998; Hato, et al., 1999; Kenyon and Lyons, 2003). 
Basically, theories and models of travelers’ response to different type of information were not considered as a 
noticeable issue. Hence, it is still not clear how individuals may change their activity-travel pattern in provision of 
personalized travel information. One of the issues that cause the lack of knowledge is that such new technology that 
provides personalized information does not exist yet. Therefore, researchers are not able to investigate its impacts in 
the real world. In that regard, an advanced data collection technique and a new generation of models about traveler 
strategic responses are required.  
In absence of technology to use in practice, stated adaptation experiments are a proper approach to collect data. 
However, despite their vast application in studies assessing changes in individuals’ activity-travel behavior (e.g. 
Arentze et al. 2004; Cools et al. 2011; Weiss et al. 2010a, b; Loukopoulos et al. 2004; Nijland et al. 2009), they have 
hardly been used to study the impacts of travel information. Using a RP survey, Dia (2002) developed an agent-
based approach to model driver route-choice behavior under real-time information, both prescriptive and 
descriptive. Hato et al. (1999) employed a RP experiment to incorporate an information acquisition process into a 
route choice model with multiple information sources. Polak (1993) investigated how pre-trip descriptive travel 
information acquisition affects travel behavior. Ben-Elia et al. (2013) studied travel information accuracy on route-
choice. Lu et al. (2010) evaluated the individuals learning behavior. Avineri and Prashker (2006) investigated 
impacts of descriptive travel information on travelers’ learning behavior under uncertainty. Many SP studies used a 
traffic simulator to represent the hypothetical scenarios (Nathanail et al. 2011; Chorus et al. 2007, 2013; Srinivasan 
and Mahmassani 2003; Tian et al. 2010). Although these studies assessed different dimensions of effects of travel 
information on activity-travel behavior, they are mostly limited to the route choice, considered just one type of the 
information, used hypothetical scenarios that decreases the realism in the results. In addition, in most cases 
individuals’ habitual activity-travel pattern and daily agenda is neglected. 
The present study introduces an innovative SA approach to evaluate the effects of personalized travel information 
on individuals’ daily activity-travel behavior. We visualize the real world and possible changes in a way that the 
introduced situation would feel as close as possible to reality. Furthermore, we give respondents the possibility to 
induce changes in their activity-travel pattern using an interactive system. The result is a system that captures in 
detail the daily activity-travel pattern and the changes applied to the pattern if confronted with changes in their 
environment. 
The paper is organized as follows. First, we will outline the approach and method that are developed to analyze 
activity-travel behavior. Next, we will discuss the web-based stated data collection adaptation design. Furthermore, 
we will present result of the experiment. Then, we will give a summary of the paper 
2. Research objective and methodology 
2.1. Background 
For decades different types of travel information have been introduced to travelers: pre-trip or en-route, public or 
personal and recently prescriptive information versus descriptive one. It has been argued that depending on the type 
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of information, individuals may respond to the information differently and they may change or not change their 
activity-travel pattern (Parvaneh, et al. 2011). In this paper, we study the effects of advanced personalized travel 
information. We define personalized travel information as the kind that considers individual’s personal activity-
travel preferences. Moreover, we focus on both prescriptive and descriptive information. 
The difference between descriptive and prescriptive information is that in the latter case, individuals have to 
translate the recommendation into their mental representation of the activity-travel scheduling decision and assess 
the expected utility of alternative activity-travel schedules, at least comparing the planned schedule against the 
recommended schedule. Usually, the recommendation will not involve all facets of the complete activity-travel 
schedule and therefore an individual will have to consider a set of alternative schedules, including the 
recommended. In addition, there is a difference in the belief updating process when the information is descriptive or 
prescriptive. Descriptive information gives more and updated information about the state of the network, e.g. real 
travel time of a particular route (Chorus et al. 2009; Parvaneh, et al. 2011). As a result, the individual will process 
the received information, and then update his/her beliefs about the network state. In other words, information 
directly impacts the individual’s beliefs, which may lead to changing his/her activity-travel schedule. As argued by 
Chorus et al. (2009), this belief updating will depend on the objective underlying the recommender system as 
perceived by the traveler.  In contrast, prescriptive information does not give quantitative information and may 
introduce new choice alternatives to the individual. As a result, the individual will evaluate the choice alternatives 
and compare them with known ones, and then choose among the choice alternatives. 
In order to evaluate changes in individuals’ activity-travel behavior induced by advanced prescriptive and 
descriptive travel information, it is important to consider individuals’ characteristics, perception of the reality, 
preferences, knowledge of the environment and their past experiences as well as the characteristics and attributes of 
the new situation that they are being exposed to. Looking at the studies on activity-travel behavior, barely they 
considered all these factors together. In case of RP studies, there are almost none that evaluate impacts of advanced 
personalized travel information since the technology to provide this kind of information is not available yet. In the 
case of SP and SA studies, mostly hypothetical scenarios are introduced to the individuals using a travel simulator. 
Accordingly, effects of individuals’ habitual activity-travel behavior on their choices are overlooked. 
2.2. Methodology 
Comparing SP and Stated Choice to SA, the latter provides respondents the freedom to indicate how they will 
change/adapt their activity-travel behavior as a response to the new state. Considering that in this study we provide 
personalized travel information and we aim to maximize the realism of the experiment, the SA approach seems the 
best approach to follow. We propose a three phase SA approach. Phase 1 includes collecting individuals’ socio-
demographic information, which will specify their characteristics. Phase 2 includes collecting individuals’ activity-
travel pattern of one day before. That will specify their preferences, experiences and knowledge of the environment. 
Phase 3 includes introducing the new situation to the individuals by providing personalized travel information and 
observing how they adapt their activity-travel behavior. Fig 1 depicts the proposed SA framework.  
In the proposed approach, individuals are the selected unit of the evaluation since an individual has certain 
beliefs, preferences, characteristics and even constraints which play the main role in the decision making process. 
One day activity-travel pattern of the individuals is observed, since we assume that the individuals modify their 
behavior on the basis of original pattern. One activity is selected since we aim to evaluate the short term and direct 
effect of provision of advanced travel information on individuals’ activity-travel behavior. Prescriptive and 
descriptive travel information are provided to the individuals, which are generated taking into consideration 
individuals’ activity-travel pattern 
3. Data collection design 
3.1. Phase 1- Socio-demographic characteristics 
The first phase of the survey is to collect individuals’ socio-demographic data. Respondents are asked to
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 Socio-demographic characteristics
x Age, sex, education.
x Household composition.
x Profession, income.
x Means of transport.
Planned activity-travel-pattern
x Activity Participation; What activities 
usually the individual conduct.  
x Activity-profiles; Where, When, with 
whom,  with which transport mode, from 
where the activity is conducted. 
x Activity-location
x Trip; Route, Duration, Company.
Ph
as
e 
2
Ph
as
e 
1
OBSERVATION
Provision of advanced travel information 
Ph
as
e 
3
CHOICE PROCESS
The adaptation
STIMULI
x Generating personalized travel 
information.
x Presenting scenarios which include 
changes in attributes or context of usual 
state.
x Change the location,
x Change the start time,
x Change the travel mode,
x Change the frequency of the activity, 
x Change the route, 
x etc.
Fig. 1. Framework of the proposed SA experiment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
complete a series of multiple-choice questions. Questions are divided into two general subjects; Personal and 
household information including gender, age, household composition, education, employment status; and 
transportation including car-ownership, possession of public transport discount card, and travel expenses. 
3.2. Phase 2- Planned activity-travel pattern 
In order to identify individuals’ activity-travel pattern a list of different activities is presented to the respondents 
and they are asked to create an activity list by choosing from the represented ones. We call this activity list Activity-
participation list in the rest of the study. We asked respondents to create their implemented activity-participation list 
for the day before. However, if they did not conduct any trip with car on that day then we would ask them to choose 
a day from last week that it at least included one trip with car. Since, in this study the advanced travel information is 
just given for the car trips. Table 1 represents the list of activities and their categories.  
Table 1. Activity categories. 
ID Activity Type Sub-category 
1  Paid work Full-time, Part -time 
2 Volunteer, - 
3 Study - 
4 Shopping Daily-shopping, non-daily shopping 
5 Service Going to the bank, Post office, Hairdresser, Health center 
6 Pick up/ Drop  Pick up/ Drop off family members 
7 Leisure and recreation Dining, Cinema, Theater, Bar, Café, Disco, Museum, Concert, Show, Visit park, Walking around, Sport  
8 Social Visit received, Visiting, Club, Church 
9 Home  Conducting any activity at home and staying at home for the rest of the day 
10 Other  - 
Furthermore, all possible profiles for each activity in the respondents’ activity-participation list will be retrieved. 
This list will be used to create travel information and scenarios in Phase 3. That is to say, the respondents are asked 
to provide different attributes of each given activity and the trip related to the activity including location, start-time, 
duration, origin of the trip and the transport mode. We represent an activity-profile in terms of different attributes as 
following: 
ܣ௔ ൌ ሺ݅ǡ ݈ǡ ݐǡ ݉ǡ ݋ǡ ܿሻ 
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where ݅represents activity type, ݈ represents location of the activity, ݐ  represents start time of the activity, ݉ 
represents transport mode, ݋  represents the origin location of the trip related to the activity, and ܿ represents 
company while the activity is being conducted. 
The web-based questionnaire is designed in a way that respondents can choose one or a combination of different 
modes including: walking, bicycle, car, tram, train, metro, ferry and slow-mode (scooter, motorbike, etc.) as their 
transport mode. In case the transport mode is car, we ask the respondent to locate the parking spots at the origin and 
destination using drag and drop system on the map. Then, the system will suggest a route between these two parking 
spots using Google map API that finds the shortest path. Respondents can change the route on the map by moving 
each point in the route. Then, they can confirm that this is the route for this particular trip and activity-profile. As a 
result, we will have the latitude and longitude information regarding to the origin and destination and as well as the 
parking spots. In addition, we record the route trajectory, which can be identified as one of the strong points of our 
interactive web-based questionnaire. Respondents are also been asked to report the travel time, parking cost, travel 
company, and if there is an alternative route or not. In the case of public transport, if the mode is bus, tram, metro or 
ferry respondents should enter the related line then the line would be represented on the map and the respondent can 
identify at which stop they would get in and get out. We also ask respondents about the travel time and the travel 
cost. In case of the train, we just ask about the origin and destination stations. For walking and cycling trips we just 
ask about the origin, destination and duration of the trip. 
Moreover, they can provide us the precise geographical location of each activity using Google map API. 
Therefore, respondents enter the address in a search box and the location will be shown on a map. Then, the 
respondent verifies whether the suggested location on the map is correct or not. 
3.3. Phase 3- Provision of advanced travel information and adaptation 
The goal of phase 3 is to identify how respondents would change their implemented activity-travel pattern in 
presence of advanced travel information. We employ respondents’ given activity-travel pattern to generate realistic 
travel information, which will be represented to them in the form of scenarios. One activity and its related trip are 
selected each time to generate the travel information. In general, travel information can be prescriptive or 
descriptive, public or personal and pre-route or en-route. As it is noted before, there are differences in decision-
making process when the information is descriptive or prescriptive and public or personal. To investigate these 
differences, we randomly split respondents to two groups with roughly equal size. Each group receives either 
prescriptive information or descriptive information. Moreover, for each of these groups sixteen different scenarios 
are generated and each respondent would receive four of these scenarios. These scenarios are selected randomly for 
each respondent. 
As shown in Table 2, in case of prescriptive information extra information would be given to respondents 
regarding the objective of the travel information. The objective would be either System-optimization, which 
minimizes the network total cost, or Personal-optimization, which minimizes individuals’ total cost. For more 
details on travel information objective see Parvaneh, et al. 2011, 2013. Four different levels are assumed for travel 
time of the recommended route. That is to say, respondents would receive the recommendation to take an alternative 
route with certain travel time rather than their original route. However, they wouldn’t receive any information about 
travel time of their original route. In contrast, in case of descriptive information, respondents receive the travel time 
of their original route and the alternative route. However, there is no recommendation to choose one route over the 
other. A graphical picture represents the alternative route. Travel time of this route is defined based on the travel 
time of original planned route, which makes it close to reality.  We don’t generate and show the alternative route on 
a map because in some cases there is no other possible real route, and respondents’ familiarity with the environment 
would affect their responses. The focus here is the effect of given travel information.  
Furthermore, it is assumed that respondents would receive the information either before the start of their trip (pre-
trip) or during their trip (en-route). If the respondents receive en-route information, they wouldn’t be able to change 
departure time, mode and origin of the trip. Table 3 represents the latent design of scenarios for both prescriptive 
and descriptive information. Following are two examples of descriptive and prescriptive scenarios: “Suppose you 
receive the real-time travel information [before] your trip. The information is [personal and just you receive the
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          Table 2. Travel information attributes 
Attribute Level  ID  Description 
Type 
(Descriptive/Prescriptive) 
Public 1 All travelers receive the information. 
Personal 2 Just the respondent receives the information. 
Objective (Prescriptive) System-optimization 1 To minimize the total cost of transportation network. 
Personal-optimization 2 To minimize the total cost respondents’ activity-travel pattern. 
Travel time of the 
planned route 
(Descriptive) 
50% increase 1 = 1.5(Original travel time of the planned route)  
20% increase 2 = 1.2(Original travel time of the planned route)  
10% decrease 3 = 0.9(Original travel time of the planned route)  
20% decrease 4 = 0.8(Original travel time of the planned route)  
Travel time of the 
alternative route 
(Descriptive/Prescriptive)  
 
50% increase 1 = 1.5(Original travel time of the planned route)  
20% increase 2 = 1.2(Original travel time of the planned route)  
10% decrease 3 = 0.9(Original travel time of the planned route)  
20% decrease 4 = 0.8(Original travel time of the planned route)  
Receiving moment 
(Descriptive/Prescriptive) 
Pre-route 1 Information is given before start of the trip. 
En-route 2 Information is given during the trip. 
 
information]. According to this information your trip to [Cinema] to conduct [Leisure activity] via your original 
route will take [15] minutes instead of [10] minutes. There is an alternative route that takes [13] minutes. 
Considering this information would you change the details of your agenda?”. “Suppose you receive the real-time 
travel information [during] your trip. The information is [public and all travelers receive the information]. The 
objective of this information is to [decrease the total cost of your personal agenda]. This information recommends 
you for your trip to [Cinema] to conduct [Leisure activity] to take an alternative route which takes [10] minutes, 
rather than your planned route. Considering this information would you change the details of your agenda?”  
   Table 3. Scenarios design 
 Prescriptive information Descriptive Information 
ID  Type  Objective Receiving moment Alternative route Type Planned route Alternative route Receiving moment 
1 1 1 2 1 1 1 1 1 
2 2 1 1 2 2 2 1 2 
3 2 2 1 3 2 3 1 1 
4 1 2 2 4 1 4 1 2 
5 2 2 2 1 2 1 2 2 
6 1 2 1 2 1 2 2 1 
7 1 1 1 3 1 3 2 2 
8 2 1 2 4 2 4 2 1 
9 1 1 2 1 1 1 3 1 
10 2 1 1 2 2 2 3 2 
11 2 2 1 3 2 3 3 1 
12 1 2 2 4 1 4 3 2 
13 2 2 2 1 2 1 4 2 
14 1 2 1 2 1 2 4 1 
15 1 1 1 3 1 3 4 2 
16 2 1 2 4 2 4 4 1 
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After introducing the scenarios to the respondents, we ask them if they would change any attribute of their 
original activity-travel pattern. Since in our approach the travel information is generated adopting respondents’ 
activity-travel pattern, they will be familiar with the presented situation in the scenarios and can make their choice 
easier. Moreover, the consistency of the scenarios with the reality will be much higher comparing to the completely 
hypothetical situation. As a result of the given information respondents might not want to follow their original plan, 
they can change all the attributes of the original plan (start time, duration, location, mode and route). In addition, it 
is possible to delete an activity or add one. We assume that the given travel information is real-time; therefore 
respondents are not permitted to change attributes of activities conducted before the selected one for which the 
travel information is given.  
4. The experiment  
Respondents were recruited through TNS NIPO, a Dutch company specialized in collecting data. NIPO has sent 
out our web-based questionnaire to respondent selected from a large panel of Dutch people who live in the 
Rotterdam area and regularly travel by car. In total, around 1250 individuals were recruited, of which 672 completed 
the questionnaire and 590 were selected as valid responses. Table 4 presents sample characteristics, and shows a 
rather heterogeneous sample in terms of socio-demographic characteristics.  
Fig 2 depicts respondents activity participation per activity ID, which are presented in Table 1, and number 
activities that were included in each individual selected activity-travel schedule. Among all activities, going back 
home and stay there for the rest of the day has the highest frequency among respondents. This can be for the obvious 
reason that no matter what other activity you conduct outside, most probably you would go back home at the end of 
the day. Surprisingly, pick up/drop off a family member has the second highest frequency, which can be explained 
considering that 21.39% of the sample are families with at least one child less than 13 years old. The distribution of 
number of activities per respondent, which is also shown in Fig 2 represents that in a regular working day most of 
the respondents in the sample just conducted one activity. As a result, they may have more flexibility to change 
attributes of this activity, which can affect the adaptation. 
 
 
Fig. 2. Activity participation 
Fig 3 presents the descriptive analysis of the data regarding adaptation. Because of limitation in number of pages, 
we selected departure time, activity duration and route choice as attributes to assess changes in individuals activity-
travel pattern in provision of travel information under different scenarios. As it is presented in Fig 3(a), the 
probability that individuals would change their departure time is higher when they receive descriptive travel 
information in compare to prescriptive. This can be caused by that individuals receive the value of travel time for 
both routes and they can predict the possible delay or the extra time they may have. In addition, individuals have 
changes their departure time under scenario 2, when the travel time of both routes are higher than what they 
expected and the travel information is “Personal” in presence of descriptive information. However, in presence of 
prescriptive information, the highest number of changes has been under scenario 8, when travel time of 
recommended route has the lowest value, the travel information is “Personal” and the objective is “System-
optimization”. 
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                           Table 4. Sample characteristics ( ൌ ͷͻͲ). 
ID Activity Type Frequency (%) 
Gender   Female   52.46 
Male  47.54 
Age  18-34 4.24 
25-34 15.11 
35-44 21.73 
45-54 22.41 
55-64 20.20 
65 and more 16.30 
Number of 
people in the 
household 
1 14.46 
2  44.41 
3 17.04 
4 18.93 
5 and more 5.16 
Life cycle 
stage 
Single 14.27 
Couple; to 34 year old 55.35 
Couple with children younger than 12 year old 30.39 
Education level No education 0.17 
Primary education 3.74 
LBO \ VBO \ VMBO  14.26 
MAVO \ first 3 years HAVO and VWO \ VMBO  9.17 
MBO 32.94 
HAVO and VWO super structure \ WO and HBO foundation course 10.19 
HBO \ WO-bachelor  21.22 
WO - PhD or master 8.15 
I don’t know \ I don’t want to say 0.17 
Work status Self-employed business owner 3.06 
 Self-employed  57.05 
 Employed by the government 10.19 
 Disabled 2.38 
 Unemployed \ Job-seeking \ Welfare 2.04 
 Retired or VUT 15.96 
 Studying 3.06 
 Housewife (husband) \others 6.11 
 I don’t know \ I don’t want to say 0.17 
 
The result of analysis didn’t show any significant changes in duration of activity after receiving travel 
information (Fig 3(b)). That is to say, individuals had lower intention to change duration of their activity comparing 
to the departure time or route. One reason can be that they may not have had enough flexibility to change the 
duration. 
Fig 3(c) presents individuals route choice behavior in presence of travel information. Results shows in case of 
prescriptive information individuals have considered changing to the recommended route under almost all the 
scenarios in contrast to descriptive information. However, the percentage of changes given descriptive information 
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is higher (. As it is shown the highest number of changes in presence of descriptive information has happened under 
scenarios 9, 10, 13 and 14 in which the travel time of planned route was higher and the travel time of alternative 
route was lower than the initial expected travel time. As for scenario 5, the reasons for high number of changes are 
that the information is “Personal” and travel time of both routes are more than the expected one.  
 
 
 
 
 
 
 
 
 
 
 
      
(a) 
 
 
 
 
 
 
 
 
(b) 
 
 
 
 
 
 
 
 
(c) 
5. Conclusion 
In summation, in this paper we introduced an innovative stated adaptation approach to assess possible behavioral 
changes in the presence of advanced forms of travel information. In addition, we presented the preliminarily results 
of the experiment that has been conducted using the proposed approach. In this experiment, we provided 
prescriptive or descriptive travel information to each individual and we compared the different changes induced by 
each on individuals’ activity-travel pattern. The results of analysis showed that individuals are less willing to change 
their planned activity-travel schedule in provision of travel information. However their willingness to change is 
higher considering departure time comparing to activity duration and route. This paper is part of an ongoing project. 
For next steps, different descriptive analysis will be conducted. We will perform a binomial logit analysis to model 
daily schedule change in presence of information. Moreover, as a result of a multinomial logit analysis we will 
develop a model to assess probability of changing each attribute of daily activity-travel pattern in provision of 
personalized travel information.  
Fig. 3. (a) Departure time adaptation, (b) Activity duration adaptation, (c) Route adaptation 
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